to ethanol, methanol, and water Section S6. Deconvolution of cross-correlation function from the observed time-energy map Fig. S1 . Ultrafast EUV photoelectron spectroscopy of liquids. Table S1 . Basis function used in the retrieval of the spectra of CTTS reactions from I -in three solvents. Table S2 . Basis function used in the retrieval of the spectra of internal conversion of aq e  . The schematic diagram of our extreme ultraviolet (EUV) photoelectron spectrometer is illustrated in fig. S1A . Photoelectron spectrum of solvated electron ( − ) in a 0.5 M NaI methanol solution at 100 ps was observed with lower signal-to-noise ratio than that at 20 ps ( fig.   S1B ). The spectrum was integrated for 8.8 × 10 7 shots. The least squares fitting of the spectrum provides Gaussian centered at 3.37 ± 0.06 eV with a FWHM of 1.24 ± 0.13 eV. Section S2. Retrieval of eKE distribution before inelastic scattering Photoelectron kinetic energy (PKE) distribution experimentally measured is a product of electron kinetic energy (eKE) distribution at the liquid-gas interface and an electron transmission function at the interface. It is known that the transmission efficiency of low-energy electrons at the interface declines toward zero kinetic energy, so that PKE distribution from any material diminishes at low energy. This is often termed as a cut-off function. The mathematical form of the cut-off function is not established. In the following section, we describe classical mechanical consideration of the energy-dependent transmission efficiency. After that, we show that our analysis is not significantly altered with and without consideration of the cut-off function.
Section S2.1. Energy-dependent transmission efficiency T(E) at liquid-gas interface The transmission efficiency of an electron at the liquid-vacuum boundary may be estimated using classical mechanics as follows. The liquid jet surface is cylindrical; however, its curvature is negligibly small for an electron, so that it can be approximated as a flat plane. The transmission of an electron from the liquid to vacuum side becomes possible when the eKE normal to the surface is greater than the energy difference between the conduction band and the vacuum. Suppose that the energy difference is 0 , the condition is described as where and are respectively the mass and velocity of an electron in the conduction band, is the incidence angle of an electron to the boundary. is PKE measured by photoelectron spectroscopy. The maximum incidence angle, ( ), that allows electron transmission is given by
The fraction, , of the electrons transmitting through the boundary is given by the ratio that the velocity direction is smaller than ( ) with respect to the boundary. If the velocity distribution is isotropic, is given by the following equation
where is an azimuth angle, the factor 1/2 arises from the fraction of electrons with their velocities towards the boundary of interest. Since we only need relative transmission efficiency, the transmission efficiency ( ) is defined as In general, a photoexcited molecule diminishes its electronic energy by relaxation, which increases vertical electron binding energy (VBE) and diminishes PKE. Thus, the peak of PKE distribution gradually shifts to lower energy, where ( ) is smaller, so that the intensity is underestimated. One can correct this effect by dividing PKE distribution with an estimated ( ).
Thus, we have examined the influence of ( ) using the experimental data on a charge transfer to solvent (CTTS) reaction from I -to ethanol. As the true 0 value is not known and the prediction of 0 is widely ranging from 0 to 1 eV (35-38), we have investigated the effect of ( ) by varying 0 value from 0.1 to 1 eV. Since ( ) diminishes greatly near zero PKE, the experimental ambiguity increases; therefore, we excluded the low PKE region < 0.45 eV from our analysis. Figure S2A shows an original data, while figs. S2B and S2C are the results of correction assuming 0 = 0.1 and 1 eV, respectively. Figure 
Section S3. Retrieval method
The PKE distribution measured using UV photoelectron spectroscopy is subject to strong influence of inelastic scattering effects, so that it is desirable to remove these influences for extracting detailed and accurate dynamical information. As explained in the main text, eBE distribution measured using EUV photoelectron spectroscopy enables us to predict eKE distribution ℏ ( ) in the conduction band prior to inelastic scattering. Comparison of ℏ ( ) and actual PKE distribution ℏ ( ) experimentally measured provides us a linear transformation. ℏ ( ) is Gaussian centered at ℏ − with FWHM = 1.1 eV. One can expand a given PKE distribution measured using UV photoelectron spectroscopy with ℏ ( ), and then transform ℏ ( ) to ℏ ( ) to retrieve the eKE distribution prior to inelastic scattering. When we transform ℏ ( ) to ℏ ( ), the magnitude of ℏ ( ) is different with and without the correction for ( ).
Section S3.1. Basis functions
The basis functions ( ) used in the analysis are PKE distributions experimentally measured for − with different probe laser photon energies (here, indicated by ). The high energy edge of ( ) shifts linearly with the probe laser photon energy, and each ( ) function cannot be expressed using a linear combination of other ≠ ( ) functions. Thus, a set of ( ) is linearly independent, which ensures the uniqueness of the expansion with a given set of ( ).
In the present study, we analyzed the CTTS reaction from I -to ethanol, methanol, and water with a set of ( ) measured with photon energy ℏω ≥ 4.4 eV in each solvent, while we added a single ( ) measured in ethanol for retrieval of CTTS reaction in methanol (See Section S3-4 and table S1). Analysis of internal conversion of − from the excited state required a set of ( ) measured with photon energy ℏω ≥ 4.8 eV in aqueous solution with three additional ( ) measured in methanol for the enhanced signal, and ( ) measured in aqueous solution with photon energy of 4.6 eV for the ground-state bleach signal (table S2) . 
. Determination of expansion coefficients
Least squares fitting of the observed PKE distribution with ( ) is used to determine their time-dependent expansion coefficients ( ). We have restricted the sign of these coefficients to be physically realistic. For example, the signs are all positive for the CTTS reaction, while positive for enhanced and negative for the bleach signal in internal conversion of 
Section S3.3. Transformation of g i (E) to G i (E)
We replace ( ) with ( ) to retrieve eKE distribution prior to inelastic scattering, in which their integrated intensities should be conserved. Figure S3B shows a retrieved spectrum using the fitting results obtained in fig. S3A . Figure S4 compares the retrieved spectra of CTTS reaction from I -to ethanol (A) with and (B)
without the correction for ( ). These two are only slightly different in intensity at the same delay times. with ( ) correction. The 0 of 1.0 eV was employed for ( ). The time axis is shown in linear scale from -1 to 3 ps, while it is in log scale from 3 to 500 ps. Broken lines indicates the boundary of the two scales. Figure S5 compares PKE distributions of − in three different solvents for the same initial kinetic energy. As seen here, the distributions are very similar among the three solvents, except for the energy region lower than 0.5 eV, where measurements are susceptible to residual electric fields and electrokinetic charging. Thus, as far as water, methanol, and ethanol are concerned, the basis functions seem compatible. This conclusion is not obvious, because these solvents have different number of vibrational modes and vibrational frequencies. As discussed in the main text, VBE of − is 3.8 eV, which is 0.5 eV greater than that of 
Section S3.4. Compatibility of the basis functions among three solvents

Section S3.5. Influence of the number of basis functions on spectral retrieval
We examined the influence of the number of basis functions on spectral retrieval. Figure S6 shows the least squares fitting of the photoelectron spectra observed for the CTTS reaction from I -to ethanol (Fig. 3A in the main text) with different number of ( ); simulated PKE spectra and retrieved eKE spectra using two (A and B), four (C and D) and six ( ) functions (E and F), respectively. The basis functions are summarized in table S3. As seen here, two basis functions are clearly insufficient to reproduce the observed PKE distributions, while four basis functions reproduce the PKE distributions rather well. Figure S6G shows the residues in each least squares fitting normalized with the value obtained with eight basis functions. The residue significantly diminishes from 7 to 1.8 as the number of basis function increases from two to four.
The residue further decreases to 1.2 with six functions. We conclude that six or more basis functions, or a set of functions with the energy spacing less than 0.3 eV, are sufficient for the retrieval. In the analysis of CTTS reaction from I -to ethanol, methanol, and water, basis functions listed in table S1 were employed. We excluded the PKE region lower than 0.4 eV from the fitting of alcohol spectra and lower than 0.3 eV for water spectra, respectively, by considering experimental ambiguities. Figures S7, S8 , and S9 respectively shows fitting results for ethanol, methanol, and water. A, B, and C are the experimental data, the result of least squares fitting, and residues. The fitting residues are less than 5% of the intensity for all solvents. D and E show the time-evolution of the expansion coefficients ( ). The magnitudes of coefficients vary in such a way that the intensity of low-energy component gradually increases with the delay time. We find no abrupt change for these coefficients. table S2 were employed for the analysis. Among these, 10 ( ) is the photoelectron spectrum of − measured in the present study at 270 nm, and it was used to express the bleach signal. We excluded the energy region lower than 0.4 eV from the fitting by considering experimental ambiguities. The fitting results at a delay time of 84 fs is shown in fig.   S10 , which clearly indicates the decomposition of enhanced and bleach signal. As seen in this figure, the depth of observed bleach signal is smaller than the true value, because inelastic scattering broadens and energy-shifts the photoelectron spectrum of the excited electronic state with the positive sign, and it partially compensates the signal depletion. Therefore, spectral retrieval is indispensable for the analysis of the ground-state bleach signal. Figures S11A, S11B, and S11C are the experimental data, the result of the least squares fitting, and the residue. The fitting residue is less than 5 % of the intensity. Figures S11D, S11E and S11F show the time-evolution of the coefficients, and it clearly indicates that the dynamics after 200 fs is dominated by 8 , 9 and 10 , in which 10 is the ground-state bleach recovery. The 1 and 2 coefficients, corresponding to the excited-state signals, significantly diminish within 80 fs, while 10 does not diminish its amplitude correspondingly. This is because internal conversion does not repopulate the thermal distribution of 1/ 2 is the reaction rate for form the geminate recombination. The photoelectron signal intensity at time t and PKE E k is expressed by
where k is the energy bin number, is the distribution over the bins, is the relative photoemission cross-section, and ( ) is the pump-probe cross-correlation function. In the analysis, we assume all to be unity. Figures S12, S13, and S14 show the global fitting results of original and retrieved data of CTTS reaction in ethanol, methanol, and water, respectively. In all cases, the residues are less than 5 % of the intensity, and the fitting reproduces the results well. The fitting parameters obtained are listed in table S4. The parameters before and after retrieval in the same solvent are similar to each other. (A, E) original and retrieved spectra, (B, F) the least square fitting results of spectra, (C, G) the residues of the fitting, (D, H) decay associated spectra. The time axis is shown in linear scale from -1 to 3 ps, while it is in log scale from 3 to 500 ps. Broken lines indicates the boundary of the two scales. Section S6. Deconvolution of cross-correlation function from the observed time-energy map The deconvolution of cross-correlation function from the observed time-energy map has been performed by the least squares fitting with a linear combination of four exponential functions.
The photoelectron signal intensity at time t and PKE E k is expressed by
where k is the energy bin number, is the intensity, is the time constant, and ( ) is the pump-probe cross-correlation function. We thus can make a prediction of a photoelectron signal intensity at time t and PKE E k using ultimately high time-resolution by ( ; ) = ∑ − 4 =1 (S8)
